In a British population cigarette smoking during pregnancy increased the late fetal plus neonatal mortality rate by 28% and reduced birth weight by 170 g, and these differences persist even after allowing for a number of "mediating" maternal and social variables. A change in smoking habit by the end of the fourth month of pregnancy places a mother in the risk category appropriate to her changed habit. This evidence should have important implications for health education aimed at getting pregnant mothers to give up smoking.
Introduction
Simpson (1957) was the first to report a lowering of birth weight among the offspring of mothers who smoked during pregnancy. A number of subsequent studies, reviewed by Roberts (1969) , have confirmed this effect, showing a mean reduction in birth weight varying between 150 and 250 g. A small reduction in mean duration of pregnancy of up to three days has also been reported. It is also reasonable to expect that since there is a lowering of mean birth weight there should be an increase in perinatal mortality. In the 1958 British Perinatal Mortality Survey (Butler and Alberman, 1969) birth weight was reduced by 170 g in the offspring of smokers, with a corresponding rise in late fetal and neonatal mortality, the excess of deaths being mainly accounted for at necropsy by causes associated with low birth weight. Mothers who smoked in pregnancy tended to come from poorer social backgrounds, were older, and were of higher parity than non-smokers. This raised the possibility that smoking "caused" neither the lowering of birth weight nor the increase in perinatal mortality, but was rather an index of a particular type of mother, a viewpoint advanced by Yerushalmy (1964) . Children's Bureau, 1 Fitzroy Square, London Wl) Butler and Alberman (1969) attempted to overcome this objection by making allowance statistically for a number of other possible "mediating" variables such as social class, maternal age, parity, and height, and showed that the differences in birth weight and perinatal mortality between smokers and nonsmokers remained. The effect of smoking in pregnancy was also found to persist into later life. Over 90% of the surviving British children were re-examined at 7 years of age and the children of mothers who had smoked in pregnancy were found to be on average shorter than those of non-smoking mothers and to suffer some educational retardation. These findings again persisted after allowing for a number of mediating factors (Goldstein, 1971; Davie et al., 1972) .
The purpose of the present paper is to extend the analyses previously reported from the British Perinatal Mortality Survey. Whereas mothers were previously categorized simply as either smokers or non-smokers, the smokers are now divided into four groups, based on the average number of cigarettes smoked. The analysis also considers the effect of change in number smoked between the beginning of pregnancy and the end of the fourth month. If smoking itself (rather than the type of woman who smokes) has a deleterious effect on the fetus, it would be reasonable to expect the mothers who gave up smoking during pregnancy to show differences in the birth weight and perinatal mortality of their offspring compared with those who continued to smoke.
Method
The Briiish Perinatal Mortality Survey of the National Birthday Trust Fund (Butler and Bonham, 1963; Butler and Alberman, 1969) collected perinatal data relating to 16,994 singleton births in England, Scotland, and Wales during the week of 3-9 March 1958 and on nearly 7,000 late fetal and neonatal deaths occurring during the following three months of March, April, and May 1958. The survey included 98% of all births registered during the week and 95% of the deaths during the three months. As the smoking habits and sociobiological and obstetric profile of mothers of the babies dying among the week's births did not differ from those of the three months' deaths, all the deaths have been aggregated for statistical purposes.
The information on smoking was obtained as a special item in a questionnaire completed by midwives at the time of the delivery or shortly afterwards. The mother was asked how many cigarettes (if any) she had usually smoked daily during the 12 months before the start of the current pregnancy and how many she had smoked during this pregnancy. Where any change was reported in the number smoked during pregnancy the information was obtained on the month(s) at which such change(s) took place, and the number smoked after the change. However, only their regular smoking habits before the start of pregnancy and after the end of the fourth month were coded. The choice of these intervals allowed an appraisal of the effect of changes of smoking during the first half of pregnancy, and also an evaluation of the effect of regular smoking during the latter half of the pregnancy when the maximum increase in fetal weight would be expected to take place. tThe mean neonatal death rate in the main week, using the number of livebirths as denominator, is 14-9 per 1,000. A correction factor of 0-118 is used to adjust the three-months neonatal death rate, so that the mean neonatal death rate is the same as that for the main week.
Results
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or a steady smoker with no reported change in average daily consumption. There is a statistically highly significant association both for late fetal and neonatal deaths, the increase in late fetal rate being 30% and in neonatal death rate being 26%. Since the death rate per 1,000 births for smokers divided by that for non-smokers (mortality ratio) for late fetal is similar to the mortality ratio for neonatal deaths (1-30 and 1-26 respectively) we have combined these in all subsequent analyses of mortality and this has the advantage of providing larger numbers for analysis. The mortality ratio for late fetal plus neonatal deaths is seen to be 1-28. Tables II (a) and (b) indicate the mortality rate for late fetal plus neonatal deaths according to the average number of cigarettes smoked per day before the start of pregnancy and after the end of the fourth month respectively. On both occa- In the full statistical analysis allowance is made for a number of maternal variables which might "mediate" the smoking and birth weight relationship. These are: social class, maternal age, parity, and maternal height. In addition, allowance is made for sex, gestational maturity in completed weeks, and perinatal mortality, since these fetal variables account for a large amount of the variation in birth weight. The results of this analysis are very similar to the analysis made without allowing for these variables, and for simplicity only the results of the latter analysis are presented in Table III . This shows the effects on birth weight of the average number of cigarettes smoked before pregnancy and after the fourth month. It can be seen that the mean birth weight decreases from 3,386 g when no cigarettes are smoked after the fourth month to 3,175 g when 20-30 are smoked, and there is a similar decrease according to the number smoked before pregnancy. As with mortality, the effect on birth weight of smoking before pregnancy becomes nonsignificant after taking into account the average number smoked regularly after the fourth month. Yerushalmy's (1971) study of Negro mothers though neither reached statistical significance.
In these latter two studies the neonatal mortality ratio was 1'17 and 1-26 compared with 1-26 for the present study in a large representative British population in which the smokers have a significantly higher neonatal death rate (see Table I ). It seems possible that the two U.S.A. studies in Negro populations fail to show statistical significance because of the relatively small numbers involved, about 3,000 births in each case.
The adequacy of the sample size is of great importance in mortality studies of this type. Cornfield and Haenszel (1960) and others have pointed out that, in the study of diseases with small incidences, a retrospective investigation may have a considerable advantage in that it can study a large number of "diseased" individuals (in this case late fetal and neonatal deaths) and controls, as opposed to the need to study a very much larger population prospectively to yield a similar number of diseased cases. The present study not only contains the 16,994 births from one week but also nearly 7,000 deaths, so that inrelation to the sensitivity involved in the comparison of death rates this sample is equivalent to a prospective sample of births many times larger. In fact, in terms of the comparison of late fetal plus neonatal mortality rates between smokers and non-smokers, this sample is equivalent to about 150,000 births. As such it is larger than all the other major studies put together. It should also be pointed out that though the present study is retrospective in that pregnancy smoking habits were inquired into at the time of the child's birth, it is unlikely that a bias was introduced thereby, since at the time of the inquiry there had been no publicity concerning the effects of smoking in pregnancy.
If one assumes the same late fetal and neonatal mortality rates for smokers and non-smokers as were found in the present study, a sample size of about 23,000 births would be required in order to have a high (90%) chance of detecting a statistically significant difference at the 5% level between smokers and non-smokers when a difference of the size found in the present study actually exists. Only one published study, that of Underwood et al. (1969) , satisfies this condition. For detecting the observed difference in neonatal mortality rates alone, a sample size of about 70,000 is required, and for only a 50% chance of detection the necessary sample size would be about 22,000.
These figures go some way towards explaining the conflicting evidence. The fact still remains, however, that in the studies of both Underwood et al. (1969) and Rantakallio (1969) and among Yerushalmy's (1971) white mothers the mortality ratios between smokers and non-smokers are small; being 1-06, 1-01, and 1-03 respectively. However, in these studies death rates are much lower than in the studies where larger mortality ratios are present-namely, the present study, that of Frazier et al.(1961) , and among Yerushalmy's (1971) Negro mothers. Furthermore, where perinatal death rates are lower, the proportion of births of 2-5 kg or less also tends to be lower, being 7-2%, 4-2%, and 4.4% respectively in the former three studies and 6'7%, 13-9%, and 7 9% respectively in the latter three studies. If it is true that all or some of the mortality effect of smoking acts through reducing birth weight, thereby placing the child at greater risk, then it follows that the higher the mean birth weight of a population (and hence the lower the lproportion of babies of 2'5 kg or under) the smaller will be the effect of smoking on perinatal mortality. This is so since the death rate begins to rise very steeply below 2-5 kg. Furthermore, the perinatal death rate of babies of 2'5 kg or less will vary with the availability and quality of obstetric services, which are likely to have differed considerably between the populations so far studied.
Although it is not possible with the information available from other studies fully to verify such population differences, evidence from the present study may shed some light. When the data are classified by the social class of the mother's husband, the percentage of babies of 2-5 kg or less in social classes I and II is 4'9; an incidence comparable to that reported by Rantakallio and among the white babies in Yerushalmy's study. The late fetal plus neonatal mortality ratio for smokers and nonsmokers in social classes I and II is lower than the average, being 1'10 compared with 1-28. Although the difference between these two values does not reach statistical significance, a larger sample from social classes I and II may establish a statistically significant difference. These suggestions point towards a possible explanation in terms of differing biological and obstetric characteristics in the various populations studied. It is difficult to invoke any other explanation for the differing mortality ratios which is also consistent with the birth weight reduction reported in all studies. It seems unlikely, for example, that the type or method of smoking in the various populations could affect birth weight differently from mortality.
Finally, there remains the problem of "causation." Yerushalmy (1964 Yerushalmy ( , 1971 suggested that smoking is simply an index of a certain type ofmother who also tends to have babies oflower than average birth weight. Some relevant facts emerge from the present data. The finding that a change in maternal smoking habits during pregnancy had the effect of putting the baby into a birth weight and perinatal mortality category associated with the new smoking habits points towards some kind of cause-effect relationship and is not compatible with Yerushalmy's hypothesis. This finding is further strengthened by the birth weight analysis which shows that the diminution in birth weight of the offspring of smoking mothers persists and is indeed little changed when allowance has been made for a number of other social and obstetric mediating factors.
These results would seem to have important implications for health education. If we assume that the difference in perinatal mortality between smokers and non-smokers in the U.K. has remained constant and that at least 30% of women currently smoke regularly after the fourth month of pregnancy, an estimate can be made of the potential saving in newborn lives per year if all these women could be persuaded to stop smoking during pregnancy. With the present (1970) overall live fetal and neonatal mortality rates, this might amount to a saving of approximately 1,500 babies each year in England, Scotland, and Wales. If a campaign were mounted along these lines it should also be possible to monitor the effects of such a campaign on birth weight and mortality rates, and thus provide a test of the causal hypothesis.
Introduction
The nephrotic syndrome is generally held to be more common in the tropics than in temperate climates. A major reason for this has been thought to be the role of quartan malaria, especially in children (Gilles and Hendrickse, 1963) . In Uganda quartan malaria has been implicated as an important aetiological factor in the nephrotic syndrome not only in children but also in adults (Kibukamusoke, Hutt, and Wilks, 1967) .
No physician could work in Nairobi for long without being impressed by the number of adults presenting with the nephrotic syndrome. In investigating this syndrome it was thought sensible, in view of the findings in neighbouring Uganda, to consider among other things the possible role of quartan malaria.
Department of Medicine, University of Nairobi, Nairobi Methods and Subjects A total of 48 consecutive adult patients with the nephrotic syndrome who were seen by us during a 12-month period at the Kenyatta National Hospital, Nairobi, were included in the study. The diagnosis of the nephrotic syndrome was established by means of the usual criteria (Barr et al., 1972) .
The possible role of malaria was investigated in three ways. (1) Detailed histories were taken with special reference to residence in a malarious area and to previous illness suggestive of malaria. (2) Thick and thin blood films taken on 10 separate days were searched for malaria parasites. (3) Malaria antibody titres were estimated by using an indirect fluorescent antibody technique with Plasmodium falciparum as antigen. This antigen cross-reacts to some extent with the other forms of human malaria. As a precaution 21 sera were also tested with a PI. malariae antigen. On the same sample of blood serum IgG, IgM, and (lc globulin levels were also measured by standard immunological techniques.
Results
Thirty patients with the nephrotic syndrome were examined fully by these methods. Less comprehensive studies were carried out on the remaining 18 patients. Of the 30 fully investigated patients 22 were female and 8 were male. Their ages ranged from 15 to 39 years, 24 of them being aged between 15 and 25 years.
Histories.-Twenty-two of the fully investigated patients were Kikuyu and lived in the central, higher, non-malarious area of Kenya, though six of these had at some time visited an endemic area. Five came from areas of Kenya where there is seasonal transmission of malaria and three came from areas of endemic
